in the size or amount of KIF3A protein, establishing that
)
WT
; cre IRBP animals. We found significant variation in the amount of recombination among animals at every tion within each neuroretina was determined by quantifying the intensity of the KIF3A null and KIF3A flox bands age examined ( Figure 2C ), except at 2 weeks of age and (KIF3A Wild Type, n ϭ 6; KIF3A Heterozygous, n ϭ 13; KIF3A Null, n ϭ 8). Note the broad distribution of cell number among mutants and that more than 50% of the mutant animals have less photoreceptor nuclei than the lowest control animals. OS, outer segment; IS, inner segment; ONL, outer nuclear layer; OPL, outer plexiform layer; INL, inner nuclear layer; RGL, retinal ganglion layer. Scale bar ϭ 50 m.
earlier when no excision was detected. Additionally, in animals that are 4 and 10-plus weeks of age (t test, p ϭ 0.30), but is significant between animals that are 3 and any single animal, the amount of recombination was identical in each eye (data not shown). At 3 weeks of age 10-plus weeks of age (t test, p ϭ 0.001). The cause of the variation in the amount of recombination is unclear, and older, the amount of recombination among animals varied from none to nearly all of the KIF3A flox allele conbut most likely is due to differences in the genetic backgrounds among mice or inherent variability in cre IRBP verted to the KIF3A null allele in photoreceptor cells (Figure 2C) Figure 2G, arrow) . However, in all of the less older than 4 weeks of age, we did not observe any severely affected retinas, the loss of photoreceptors accumulation of material in the inner segment of any appeared homogenous throughout the retina and both photoreceptors, nor many cells that were in the process retinas of a single animal displayed the same degree of of degeneration, suggesting that the majority of cell photoreceptor cell loss ( Figure 2F) Figure 3C ). These profiles bear a striking resemlack of cell generation (data not shown). Additionally, blance to those described as a final stage of photoreno effect of the cre IRBP allele alone was observed (data ceptor degeneration in transgenic mice expressing not shown).
P347S opsin, which is not targeted properly to the outer To determine whether retinal defects were restricted segment (Li et al., 1996 staining was generally stronger in the inner segment To determine if the localization defect we observed than the cell body of most cells, we did not observe was a consequence of a defective connecting cilium, significant cell loss ( Figure 4B ). However, at apparently we cut serial cross-sections of photoreceptors to examlater stages, when strong opsin signal was detected ine the integrity of the connecting cilium in cells with within the cell body, synaptic and inner segment regions inner segment accumulations. Examination of these of the photoreceptor cells ( Figure 4C ), photoreceptor sections revealed no obvious structural defect of the cell loss was observed. Consistent with the variable connecting cilium in cells that possessed inner segment recombination observed by PCR and variable photoreaccumulations (data not shown).
ceptor cell loss, the number of cells displaying defective We also performed immuno-EM for opsin and periphopsin localization varied among animals from none to erin, two proteins that normally localize to the outer as many as 75% of the remaining cells being affected. segment, to determine if either of these proteins localTo determine whether null photoreceptor cells were ized within the inner segment accumulations. This analysis revealed that while opsin was present around the dying through an apoptotic mechanism, we performed Examination of arrestin (a cytosolic outer segment To determine whether glycosylation still occurred in mutant photoreceptors, we stained mutant neuroretinas protein) in mutant retinas revealed that in all of the inner segments of cells with mislocalized opsin, some arrestin with the lectin concanavalin A (Con A), which is specific for mannose residues found on N-glycans produced colocalized with the opsin signal ( Figures 5F-5H, arrowheads) . Peripherin localization, on the other hand, was after entry into the ER and Golgi. We observed significant colocalization of opsin and Con A ( Figures 6M-6P , not significantly altered in many mutant photoreceptor cells ( Figures 5J-5L, green arrowheads) , especially in arrowheads) staining especially in the inner segment of mutant photoreceptors, suggesting that aberrantly the modestly affected retinas. However, in the most severely affected mutant retinas (n ϭ 3), many of the mulocalized opsin was nonetheless processed through the endoplasmic reticulum and the Golgi apparatus in mutant photoreceptor cells that exhibited aberrant opsin localization also exhibited peripherin mislocalization, tant photoreceptor cells. (Figures 5J-5L, red arrowheads) . Taken together, these data suggest that opsin misaccumulation occurred beDiscussion fore peripherin misaccumulation. Additionally, within a single mutant photoreceptor, misaccumulated peripherin staining rarely colocalized with opsin ( Figure 5L , Photoreceptor Abnormalities in KIF3A Mutant Mice red arrowheads). Finally, we never observed any misaccumulation of ␣-transducin in any mutant photoreceptor
We examined the consequence of removing the KIF3A motor subunit of kinesin-II from photoreceptor cells cells, suggesting that its transport is unaffected by the loss of KIF3A (Figures 5N-5P, arrowheads) . using cre-loxP conditional mutagenesis (Marth, 1996) . We found that conversion of the KIF3A flox allele to the To determine whether severe alterations in the distribution or localization of any of these inner segment KIF3A null allele by the cre IRBP transgene was variable among et al., 1993) . The observation that the initial defect in opsin transport mutants in Drosophila is increased levels of opsin within the endoplasmic reticulum, eventually leading to the death of the cell is also consistent with this view (Colley et al., 1995) .
(D) Merge of (B) (red) and (C) (green). (E) A retina from a KIF3A

WT
/KIF3A WT animal stained for calreticulin (endoplasmic reticulin). The ER is normally found throughout the inner segment and cell body (black line at right of H). (F-H)
Together, the data suggest that when the KIF3A protein level decreases to a point where opsin can not be efficiently transported to the outer segment, it "backsup" within the inner segment. One speculation is that docking sites located around the basal body or connecting cilium become saturated when opsin is not transported properly to the outer segment. Since opsin is the most heavily trafficked cargo to the outer segment, back-up of opsin would result ultimately in the accumulation of many additional outer segment cargoes (e.g., and is believed to be a consequence of microtubule
Genotyping and Quantification by PCR Quantification of Cells in the Neuroretina
Quantification of the number of photoreceptors in the neuroretina The PCR primers used to identify the three KIF3A alleles were described in (Marszalek et al., 1999) . The KIF3A flox is ‫031ف‬ bp larger was performed using light microscopy. The numbers of nuclei within a rectangle 140 m wide were counted in three random areas of than the KIF3A WT allele because of the insertion of the loxP site. The presence or absence of the cre IRBP transgene was determined using the outer nuclear layer, excluding the most peripheral 100 m of the retina. The three numbers were then averaged to get a count PCR with primers specific to the cre-recombinase coding sequence: cre-forward, CTGCATTACCGGTCGATGCA and cre-reverse, ACGT for each retina. There was little variation among areas sampled within every retina examined. TCACCGGCATCAACGT (data not shown). Quantitative PCR was performed using 25 ng of neuroretina DNA that was purified as described (Marszalek et al., 1999 
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